An outbreak of 29 cases of bloodstream infection by 16 pathogens occurred during 8 months at two chronic hemodialysis centers. Consequences included 21 hospital admissions and removal of 23 dialysis catheters. An epidemiologic investigation comparing case-patients with uninfected controls showed that risk was significantly (P õ .05) associated with having a catheter for vascular access; receiving treatment on a Monday, Wednesday, Friday schedule; and receiving treatment on one heavily contaminated dialysis machine. Culture studies and mock trials showed that bloodstream pathogens were present in a recently installed, commercially marketed attachment for disposal of spent priming saline and could enter blood line tubing directly or indirectly during dialyzer priming and tubing assembly. ing by bacteria in expended priming saline or dialysate [7, 8] . 
which environmental microorganisms may gain access to the month. The centers operated four shifts per day for 6 days each bloodstream of patients. Recognized mechanisms of infection week. At both centers, hemodialysis treatments were administered include contamination or inadequate disinfection of dialyzers using single-pass self-proportioning machines (Centrysystem 3; during reprocessing [1 -5] , disinfectant-induced leaks in the Cobe Laboratories, Lakewood, CO), hollow-fiber reprocessed diadialyzer membrane [6] , and contamination of bloodstream tublyzers, and bicarbonate dialysate.
ing by bacteria in expended priming saline or dialysate [7, 8] .
The only change in equipment or procedures before the outbreak In other instances, the causative pathogen has been found in was installation of a waste handling option (Centry WHO; Cobe treated water and dialysate, but the mechanism of bloodstream Laboratories) in each hemodialysis machine during 22-25 Februentry could not be determined [9 -11] . To control these prob- in this report, demonstrate how pathogens from the attachment be the blood flow pathway to displace air and remove residual reached the blood flow pathway and illustrate the hazard of disinfectant in the dialyzer. After the system has been primed, microbial growth in hemodialysis equipment.
arterial and venous lines are joined to recirculate saline through the dialyzer (figure 1B) until the patient is brought in for dialysis
Methods

treatment.
The investigation was begun on 11 July 1996, when it was Background. This investigation was conducted in two outparecognized that 4 cases of Stenotrophomonas maltophilia bactertient hemodialysis centers (centers A and B) affiliated with a uniemia had occurred in chronic hemodialysis patients at the two centers during the previous 5 weeks. On the basis of our previous experience with an outbreak of bacteremia in hemodialysis patients Figure 1 . / 9d50$$se15 07-14-98 00:18:43 jinfal UC: J Infect bloodstream infection in the same patient was considered to repreand identified by standard methods [16] . Cultures of the ports of 5 machines again were taken by the same method after nightly sent an additional case if the bloodstream pathogen had not been isolated previously, the vascular access device present during the disinfection of the ports with 5.25% sodium hypochlorite had been instituted. previous episode had been removed, and ú2 weeks had elapsed since the previous infection.
Two sets of mock trials were conducted to learn how organisms from the WHO port could contaminate the sterile blood pathway. Computerized records of Clinical Microbiology Laboratory results for 1 January through 31 July 1996 were examined retrospecTen dialysis machines, 5 from each center, were used for each set of trials. WHO ports of dialysis machines in both centers already tively to identify hemodialysis patients with bacteremia or fungemia. These patients' medical records then were reviewed to had been disinfected with sodium hypochlorite, so ports of the machines used for these trials were recontaminated by applying determine if a primary site of infection was present. The same method, together with surveillance by the nurse-associate at each with a cotton swab several colonies of S. maltophilia, Enterobacter cloacae, and Candida parapsilosis. For the first set of trials, a new hemodialysis center, was used to detect cases during 1 August 1996-28 February 1997.
sterile dialyzer and cartridge blood tubing set was installed in each machine, a 1-L bag of sterile saline and its administration set were Detection of asymptomatic infections. A blood culture survey of all hemodialysis patients at both centers was done during 23 attached, and the arterial line connector was inserted in the WHO port ( figure 1A ). The dialyzer was primed routinely, and then September through 4 October 1996 to detect asymptomatic infections. At the start of dialysis, a 10-mL blood sample was drawn the arterial line was detached aseptically from the connector for collection of a 50-mL sample of priming saline. The arterial line from each consenting patient through the dialysis machine venous return port and submitted to the Clinical Microbiology Laboratory was reattached to the connector, and the dialyzer blood lines were reconfigured for recirculation of saline in the blood pathway (figure for culture in soybean casein digest broth (Bactec; Becton Dickinson, Sparks, MD). Specimens were incubated routinely for 5 days 1B), using the manufacturer's recommended procedure that was followed before 22 July 1996. To perform the procedure, the techunless microbial growth was detected earlier. Organisms were identified by an automated biochemical testing method (VITEK nician first removed the connector from the WHO port, then detached the connector from the arterial line and discarded the conSystems; bioMérieux Vitek, Hazelwood, MO).
Case-control studies. Two case-control studies were connector before joining the arterial and venous lines for recirculation (figure 2). After recirculation for 22 min, a 175-mL sample of ducted to identify risk factors for unexplained bloodstream infection during the outbreak period, 25 February through 2 October recirculated saline was collected. A 0.5-mL portion of each saline sample was plated directly on Columbia agar with 5% sheep blood, 1996. In the first study, controls were all patients who received hemodialysis treatment and had either no bloodstream infection or and the remainder was passed through a 0.2-mm filter (NALGENE Analytical Test Filter Funnels; Nalge, Rochester, NY) that was a bloodstream infection from an identified source. Medical records of case-patients and controls were reviewed to ascertain age, sex, then incubated at 35ЊC on Columbia agar with 5% sheep blood. Colonies of bacteria or yeast were enumerated and identified. Also, hemodialysis center, dialysis schedule and shift, presence of diabetes mellitus, years of hemodialysis treatment, type of vascular cultures were taken of the gloves the technician wore during reconfiguration of the lines for recirculation. The technician's gloved access, and type of dialyzer. Association of variables with disease was examined by the x 2 test for categorical variables and the t hands were washed with 100 mL of sterile saline, and volumes of 0.001-0.1 mL of the saline were plated on Columbia agar with test for continuous variables. Risk factors that were associated with disease at P £ .1 by univariate analysis were entered into a 5% sheep blood for incubation and identification. For the second set of trials, dialyzers were primed in the same multiple logistic regression model [14] . The final model included only those factors that remained significant at P £ .05. Analyses manner, but the procedure to reconfigure the lines was changed to that used in the dialysis centers beginning 22 July 1996. The were done with SAS statistical software (SAS Institute, Cary, NC).
In the second study, a matched control was selected randomly arterial blood line tubing was detached from the connector and linked to the venous line for recirculation before the connector from possible controls for the first episode of unexplained bloodstream infection in each case-patient. Each matched control had was removed from the WHO port (figure 3). Specimens of priming and glove wash saline were collected as in the first set of trials, the same type of vascular access and was receiving treatment during the same week in the same center as the case-patient. Dialexcept that glove wash saline also was passed through a 0.2-mm filter that was cultured on Columbia agar with 5% sheep blood. ysis center records were reviewed to identify dialysis technician and machine for the three hemodialysis treatments preceding detection of bloodstream infection in case-patients and for the corresponding period in controls. Exposures to technicians and maResults chines were examined in matched pairs by McNemar's test with continuity correction [15] . outbreak peaked in June and July, and no episodes occurred Dialysis unit equipment and practices. Hemodialysis centers A and B are located Ç1.6 km apart and have separate after 2 October 1996. The outbreak was not associated with a change in blood culture methods or indications. The average personnel and equipment. At each center, water to prepare dialysate and reprocess dialyzers was partially purified by carnumber of blood cultures per month was 149 during MayOctober, when most of the episodes occurred, and 127 during bon filtration, reverse osmosis, and deionization. Monthly cultures of treated water during January -July 1996 showed 11 of the surrounding 8 months.
Episodes of unexplained bloodstream infection were caused 14 samples to have microbial concentrations below the maximum standard of 200 cfu/mL set by the Association for the by 16 different pathogens (table 1) . Nine of the episodes were polymicrobial, and 20 were each caused by a single pathogen.
Advancement of Medical Instrumentation [12] . Dialyzers routinely were reprocessed with an automated Renalin system. The duration of culture-proven bloodstream infection ranged from 1 to 15 days and was at least 3 days in 16 episodes.
Maintenance of the dialysis machines included daily disinfection of the fluid pathway with hydrogen peroxide, 0.80%, The most common symptoms of bloodstream infection were chills (21 episodes) and feverish feeling (8 episodes). In 21 and peracetic acid, 0.06%, and weekly disinfection with 0.525% sodium hypochlorite. Disinfectant circulates through episodes, a temperature §37.7ЊC was recorded. Symptoms began during hemodialysis in 22 episodes, and in 6 episodes, the same pathway used to discharge spent dialysate (dialysate waste) during hemodialysis. During dialysis or disinfection, the symptoms had been present for at least 3 days before blood culture specimens were drawn.
WHO rinse arm locks into the drain port in the same manner shown in the inset of figure 1B , completing a circuit that empConsequences of bloodstream infection included 21 hospital admissions for a mean { SD of 7.1 { 3.3 days and intravenous ties into the machine's drainage system. The tip of the rinse arm extends Ç7 mm into the drain port, impeding contact of antibiotic therapy for all 29 episodes. Vascular access catheters for hemodialysis were present in 27 episodes, and 23 of the disinfectant or dialysate waste with the outer rim of the port. One-way check valves in the machine's drainage system downcatheters were removed. One death occurred during treatment of bloodstream infection but was not ascribed to the infection:
stream of the drain port were replaced every 2000 h of use, in accordance with the manufacturer's procedures. However, the The vascular access catheter had been removed, appropriate antibiotic therapy was administered, and blood cultures 5 days recommendation to test the check valves each day was not followed. before death were negative.
/ 9d50$$se15
07-14-98 00:18:43 jinfal UC: J Infect When the dialysis units were inspected on 11 July 1996, a first detach the arterial line from the connector and reconfigure the lines before removing the connector from the WHO port large amount of whitish organic material was noted in the outer portion of the WHO drain port of machine 1 at center A. The (figure 3). Because additional episodes of bloodstream infection were detected during the ensuing weeks, disinfection of the transparent drain line leading from the WHO port also had abundant opaque whitish material, as did the drain line of one ports by directly instilling 5.25% sodium hypochlorite was begun weekly on 19 August 1996 and nightly on 17 October other machine. This material had not been noted when the machines underwent routine maintenance during 24 -26 May 1996. This measure was not recommended by the manufacturer but was undertaken to decontaminate the rim of the port that 1996. Evaluation of machine 1 by maintenance personnel from the manufacturer did not disclose a mechanical defect. The was shielded from disinfectant flowing through the rinse arm. As shown in figure 4 , there was a decrease in episodes of check valves of the machines at both dialysis units were tested during 12 -13 July, and all were competent.
bloodstream infection after each of these interventions. Detection of asymptomatic infections. The blood culture Control measures. The organic material in the WHO port of machine 1 was thought to represent exuberant microbial survey during 23 September through 5 October 1996 to assess the efficacy of control measures detected bloodstream infection growth. It appeared likely that this material would contaminate the hands of dialysis technicians when the arterial line connecin 1 of 68 patients with a vascular access catheter and none of 167 patients with other vascular access devices. The culturetor was removed from the port and detached from the arterial line to reconfigure the lines for recirculation (figure 2). Consepositive patient had no symptoms of infection at the time of the survey or on the two occasions during the next 9 days when quently, machine 1 was removed from service immediately. When information became available showing that the WHO follow-up blood specimens again grew the same organism, Enterococcus faecalis. ports of other machines were heavily contaminated and that cases of bloodstream infections were associated with machines
Case-control studies and attack rates. Comparison of patients who had one or more episodes of unexplained bloodnot visibly contaminated, the procedure for manipulating lines was changed. On 22 July 1996, technicians were instructed to stream infection with patients who did not showed that infec-/ 9d50$$se15 07-14-98 00:18:43 jinfal UC: J Infect (table 2) . When examusing controls matched for dialysis center and type of vascular ined in a multivariate model, having a catheter (P Å .001, odds access showed no significant association of infection with a specific technician (P ú .2 for each) but a nearly significant Thursday, Saturday schedule.
Burkholderia pickettii 1
Laboratory studies. Cultures of connectors inserted in
Pseudomonas stutzeri 1 WHO drain ports at the start of this investigation grew 10 4 -NOTE. Nine episodes were caused by ú1 pathogen. Mock trials showed that laboratory-grown organisms inocuMock trials using 3 of the most common bloodstream pathogens showed that microorganisms present at high concentration lated onto the WHO port could contaminate the blood pathway in drain ports could enter blood line tubing by at least two negative bacteria [3 -5, 7 -10], mycobacteria [1, 2] , enterococci [7] , and now yeast. This surveillance activity should not require routes. First, they could ascend directly through the lumen of the connector into the arterial line tubing during priming. Possimajor effort, because the incidence of bacteremia in patients receiving chronic hemodialysis may be below 1 episode per ble mechanisms are reflux of priming saline through the 0.4-mL internal volume of the connector despite apparently normal 100 patient-months [21, 22] , and cases with no apparent primary site reportedly account for only Ç3% of the episodes of function of the downstream check valves, or concentrationdependent retrograde growth of motile bacteria through the bacteremia [21] . The incidence of bacteremia is higher in patients with catheters for dialysis [23] , but most episodes are connector [17] , which may occur in fluid columns despite continuous antegrade flow [18] . The second route of blood line caused by skin bacteria introduced via the catheter [24] and do not require further investigation. contamination was inadvertent inoculation of the open ends of blood line tubing by technicians during reconfiguration of the The outbreak described herein demonstrates the hazard posed by microbial reservoirs in hemodialysis settings and unlines for recirculation or attachment to a patient's vascular access. Microorganisms from the port were transferred to the derscores the need for well-designed equipment and practices. In particular, there are four important lessons. First, in the gloved hands of technicians when they removed the connector, and contamination of the blood pathway usually followed if design of hemodialysis equipment, special attention should be directed to the handling of dialysate waste, which contains blood line tubing was then opened and manipulated. This problem has been recognized during assembly of arterial pressure balanced salts, bicarbonate, dextrose, and post-membrane organic solutes. This solution can support the growth of bacteria monitoring equipment [19] and was thought to have contributed to a previous dialysis unit outbreak [7] .
to concentrations of 10 8 cfu/mL [25, 26] and almost certainly fueled microbial growth in WHO ports. Second, when new The risk factors identified in our case-control study provide useful clinical and epidemiologic insights concerning hemodiequipment is introduced, dialysis staff should be educated about design, operation, maintenance, and potential hazards. Third, alysis-associated bacteremia. We think that cases were clustered almost exclusively in patients with catheters in this outbetter education about asepsis is needed to engender a more critical assessment of procedures and equipment in dialysis break and a previous one [8] because the catheter lumen provides a sequestered site for bacteria or yeast, introduced centers. It is noteworthy in this outbreak and others [7, 8] that dialysis personnel did not recognize when blood lines were during hemodialysis, to persist and replicate between hemodialysis treatments. Even though bloodstream contamination durbeing contaminated by contact with a nonsterile environment. Fourth, heightened asepsis is especially important in this era ing hemodialysis probably occurs as often in patients with arteriovenous fistulas or grafts, it appears that these episodes of common use of venous catheters for dialysis [27] , because it appears that catheters amplify the risk that persistent bloodusually are clinically silent and resolve without treatment [20] . We also found clustering of cases on the Monday, Wednesday, stream infection will result when small numbers of microorganisms are inadvertently introduced during hemodialysis. Friday schedule, as had been noted in another outbreak suspected to have been related to inadequate disinfection of dialysis machines [11] . We hypothesize that microbial growth oc-
